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Abstract 
The dormitory and office are typical indoor environments in university. The ventilation rate is one of significant effect on indoor 
air quality. The objectives of this study are to measure the ventilation rates in dormitories and offices in summer and winter, and 
determine the effect factors on the ventilation rate. In this study, the college student act as CO2 emission source; indoor and 
outdoor CO2 concentrations were measured in the same time. During the sampling, the size of the dormitory, number of people 
and their activity were recorded. The ventilation rates of dormitories and offices in university were calculated according to indoor 
and outdoor CO2 concentrations. The results showed that the ventilation is very inadequate in dormitories, so we should take 
measures to improve the ventilation of dormitories; the effect of season, working condition and building type on the ventilation 
rate is very important. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
The university professors and students spend much time in the offices and dormitories. Indoor air quality in the 
offices and dormitories can significantly affect the health and the working and learning efficiency. Indoor ventilation 
rate is one of very important factors of affecting indoor air quality [1]. So the study on the ventilation rate in offices 
and dormitories has scientific significance. The tracer-gas method is commonly used to measure the ventilation rates 
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in naturally ventilated buildings. The method with human body as emission source of CO2 has been proved to be a 
suitable for the ventilation rate measurement [2-5]. Li et al. measured the ventilation rate using the CO2 tracer gas 
method in apartment of university in summer [6]. The purposes of this study are to measure the ventilation rate in 
dormitories and offices in summer and winter, and determine the effect factors on the ventilation rate. 
2. Materials and methods 
The CO2 concentrations in 9 dormitories and 7 offices were measured in this study in some university in summer 
(July, 2014) and winter (January, 2015). The details of sample characteristic can be seen in Table 1. The human was 
used as the CO2 emission source in this study. Indoor CO2 concentrations were measured by the environmental 
measurement self-recording instrument (HCZY-1, produced by Tianjianhuayi Technology Development Co. Ltd. in 
Beijing, China). The accuracy of instrument is ±75 ppm, the measurement range of CO2 concentration is 0-5000 
ppm.  
The area and height of rooms were recorded in the measurement process. The volume of office 1 is 49.3 m3, that 
of other offices is 30.8 m3, and the volume of dormitory is 55.9 m3. The CO2 instrument was put in the middle of 
room, and the height is 1.5 m. The concentration was recorded once every 5 minutes. Outdoor CO2 concentration 
was measured by the same instrument simultaneously. The status of door, window, and air-conditioning, human 
number and activity status were also recorded in the measurement process. 
Table 1. The measured sample characteristic. 
Dormitory Window orientation Season 
413 North  Winter 
417 North Summer Winter 
418 South Summer  
419 North Summer  
420 South  Winter 
422 South  Winter 
511 North Summer Winter 
512 South Summer  
606a South  Winter 
Office Window orientation Season 
1 South Summer Winter 
4b North Summer Winter 
5 South (Facing corridor) Summer  
7b North (Facing corridor) Summer Winter 
8 North (Facing corridor) Summer Winter 
9 South  Winter 
10 North  Winter 
a: No. 606 is male dormitory, and others is female dormitory; b: No. 4 and 7 offices were measured twice in the two working conditions in summer. 
The mass balance equation of CO2 indoors and outdoors can be seen in formula 1.  
(C )out
dCV nS Q C
dt
  
   (1) 
Where C is indoor CO2 concentration (ppm); Cout is outdoor CO2 concentration (ppm); Q is the ventilation rate 
(m3/h); t is the time (min); n is the human number; S is the CO2 emission rate of human (mL/(mingperson)); V is 
the room volume (m3). 
According to ASTM standard [7], the CO2 emission rate of human can be calculated by formula 2. That is: 
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Where VO2 is the oxygen consumption rate (mL/(min·person)); RQ represents the respiratory coefficient (the 
respiratory coefficient is equal to 0.83 in the light activity or sedentary status for a medium-size man). 
Oxygen consumption rate can be calculated as follows: 
2
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Where AD is Dubois surface area (m2) (AD is 1.8m2 for the male university student [8], and AD is 1.6m2 for the 
female university student [9]; M varies from different actives of people, the supersession rate of an adult who is 
seated or reading or writing is 1.0 [7], thus Smale=310.2 mL/(min·person), Sfemale=275.4 mL/(min·person). 
3. Results 
The results of ventilation rate in dormitories can be seen in Table 2. The range of ventilation rate in dormitories is 
19.6 m3/h-68.7 m3/h in summer, and that is 24.4 m3/h-40.3 m3/h in winter. The average of ventilation rate is 38.6 
m3/h and 32.7 m3/h in dormitories in the different working condition in summer and in winter. The window is open 
and the air-conditioning is on, which are the reasons that the ventilation rate in dormitory is higher in summer than 
in winter. The ventilation rate of the same window orientation dormitories in working condition C is 1.4-2.4 times in 
working condition D in summer, which means that the air-conditioning is help to increase the ventilation rate in 
summer. If the window is closed and the air-conditioning is off, the ventilation rate is only 21.0 m3/h in summer, and 
less than 32.7 m3/h in winter. The reason is that the difference between indoor and outdoor temperature is more in 
winter than in summer. The average of ventilation rate of the dormitories of window facing-north is 38.6 m3/h in 
working condition D in winter, and that of window facing-south is 26.9 m3/h. 
Table 2. The ventilation rates in dormitories. 
Dormitory Window orientation Season Working condition Q, m3/h 
417 North Summer C 28.4 
418 South Summer D 22.4 
419 North Summer D 19.6 
511 North Summer B 68.7 
512 South Summer C 53.7 
417 North Winter D 38.2 
420 South Winter D 24.4 
422 South Winter D 28.7 
413 North Winter D 40.3 
511 North Winter D 37.3 
606 South Winter D 27.5 
Working condition: A=window open, air-conditioning on; B=window open, air-conditioning off; C=window closed, air-conditioning on; 
D=window closed, air-conditioning off. 
 
The results of ventilation rate in offices can be seen in Table 3. The range of ventilation rate in offices is 44.8 
m3/h-148 m3/h in summer, and that is 2.27m3/h-89.2m3/h in winter. The average of ventilation rate in offices in the 
different working condition is 78.2m3/h and 29.6m3/h in summer and in winter. The ventilation rates of offices are 
much more in summer than in winter. If the air-conditioning is on in summer, the ventilation rate increase much 
more in office 4; but the ventilation rate change a little in office 7; the possible reason is that the window orientation 
is different. The range of ventilation rate in the working condition D is 2.27 m3/h-14.0 m3/h in offices in winter, and 
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that in working conditioning C is 57.8 m3/h -89.2 m3/h; which means that the air-conditioning has much effect on 
the ventilation rate in winter. The average of ventilation rate of facing south offices is 12.5m3/h, and more than that 
of facing north (2.69 m3/h).  
Table 3. The ventilation rates in offices. 
Office Window orientation Season Working condition Q, m3/h 
1 South Summer A 84.9 
4 North Summer B 48.4 
4 North Summer A 81.1 
5 South (Facing corridor) Summer A 148 
7 North (Facing corridor) Summer B 69.6 
7 North (Facing corridor) Summer A 70.9 
8 North (Facing corridor) Summer C 44.8 
1 South Winter D 11.0 
4 North Winter D 2.27 
7 North (Facing corridor) Winter C 89.2 
8 North (Facing corridor) Winter C 57.8 
9 South winter D 14.0 
10 North Winter D 3.11 
Working condition: A=window open, air-conditioning on; B=window open, air-conditioning off; C=window closed, air-conditioning on; 
D=window closed, air-conditioning off.  
 
In the same working condition and season, the ventilation rates in dormitories and offices are different. The 
average of ventilation in dormitories in the working condition D in winter is 32.7m3/h, and that of in offices is 
7.6m3/h. 
4. Discussion 
According to indoor air quality standard [10], the ventilation rate is 30m3/(h·person) at least. 4 people live in the 
dormitory in general, and one people works in the office. So the ventilation rate of the dormitory and office should 
be 120m3/h and 30m3/h. All the ventilation rates in dormitories in summer are much less than the standard value 
even if the window is open or the air-conditioning is on. The ventilation rates in dormitories in winter are also much 
less than the standard value for the window is closed and the air-conditioning is off. Therefore, the ventilation is 
very inadequate in dormitories in this study. The ventilation rate in offices in summer is much more than the 
standard value for the window is open and/or the air-conditioning is on. The ventilation rate in offices in winter is 
much less than the standard value if the window is closed and the air-conditioning is off; but if the air-conditioning 
is on, the ventilation rate is more than the standard value. Therefore, the ventilation is good in offices in summer; 
but the ventilation is poor in offices in winter; however, the air-conditioning can increase the ventilation in winter. 
The season, working condition and building type affect the ventilation rate much more. The ventilation rate in 
dormitories in winter is more than in summer in the working conditioning D. If the working conditioning is B or C, 
the ventilation rate can increase a lot. The ventilation rate in offices in summer is more than in winter for the 
window is open and/or the air-conditioning is on. The ventilation rate in the working condition A is more than in the 
working condition B besides the office of the window facing corridor; the ventilation rate in winter in the working 
condition D is much less than in the working condition C. In summary, the air-conditioning has very much effect on 
the ventilation rate in office no matter what seasons and window’s status. The ventilation rate is more in dormitories 
than in offices in winter. The reason is that the dormitory has two doors, and the office has one door. The 
airtightness is better in office.  
666   Weining Zhang et al. /  Procedia Engineering  121 ( 2015 )  662 – 666 
In addition to the above effect factors, the window orientation can affect the ventilation rate in dormitories and 
offices. But the effect is different between in dormitories and in offices in winter. Moreover, the story may be one of 
effect factors on the ventilation rate. But these should be studied further. 
5. Conclusions 
This study measured the ventilation rates in 9 dormitories and 7 offices using the CO2 tracer gas method in 
summer and winter, and analyzed the effect factors on the ventilation rate. The main conclusions are as follows: 
x The ventilation rates in dormitories can never reach the standard in any working conditions in summer and winter 
in this study. The ventilation is very inadequate in dormitories. The ventilation rates in offices can meet the 
standard except for the offices which the window is closed and the air-conditioning is off in winter. 
x The ventilation rates in dormitories and offices are more in summer than in winter. The window is open and the 
air-conditioning is on, which are important effect factors of the ventilation rates. The airtightness of the room is 
also one of the factors. In addition, the effect of the window orientation and storey on the ventilation rate should 
be studied further. 
x The human density is high in dormitories, and the ventilation rate is very important for the health and study 
efficiency of the university students. Therefore, we should take measures to improve the ventilation of 
dormitories. 
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